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Objetivos propuestos en la presentación del proyecto 
 
 
1. Publicar los resultados finales sobre la evaluación de utilidad de ambos videojuegos 
 
2. Utilizar los materiales elaborados para la docencia de nuestros alumnos. 
 
3. Poner nuestros materiales a disposición del profesorado de la UCM. 
 
4. Difundir nuestros métodos y materiales docentes, así como los resultados de 




1. Los resultados finales sobre la evaluación de utilidad del videojuego “Toma 
de contacto con el bloque quirúrgico” fueron evaluados para su posible 
publicación en la revista PLOSONE (PONE-D-14-22613; Using a 
videogame to facilitate students' first visit to the operating room. A 
randomized controlled trial) véase anexo. Tras satisfacer múltiples 
requerimientos por parte de la editorial, el manuscrito alcanzó finalmente la 
situación Under Review en diciembre de 2014, para ser finalmente 
rechazado. El manuscrito está siendo reeditado con vistas a ser remitido 
para su posible publicación en Medical Education donde ya fueron 
publicados los resultados preliminares de nuestros estudios. 
 
2. La evaluación del juego educativo “Implementación y correcta utilización del 
listado de verificación quirúrgica” fue completada con más de 100 
profesionales sanitarios de distintos hospitales de nuestra comunidad. Los 
resultados preliminares de nuestro trabajo fueron rechazados para su 
posible publicación en la revista MEDICAL EDUCATION (MED-2014-0491; 
Videogame to increase WHO Surgical Safety Checklist effectiveness). 
Estamos a la espera de remitir el manuscrito del apartado anterior para 
remitir un nuevo manuscrito, ya iniciado, con los resultados finales sobre la 
evaluación de nuestro último videojuego a: i) PLOS MEDICINE, ii) 
PLOSONE, iii) MEDICAL EDUCATION, o iv) otras revistas. 
 
3. Los materiales elaborados están siendo utilizados para la docencia de 
nuestros alumnos. 
 
4. La última versión del videojuego “Toma de contacto con el bloque 
quirúrgico” está a disposición del profesorado de la UCM a través del 
enlace que se muestra a continuación. La última versión del videojuego 
“Implementación y correcta utilización del listado de verificación quirúrgica” 
estará disponible con la publicación de los resultados de su estudio de 





5. La última versión del videojuego “Toma de contacto con el bloque 
quirúrgico”,  así como los resultados preliminares de nuestras primeras 
evaluaciones,  está disponible a través del enlace anterior, incluido en Med 
Educ. 2013 May; 47(5): 519-20. doi: 10.1111/medu.12167 
 
6. Hemos puesto nuestros materiales a disposición de la Consejería de 
Sanidad de la Comunidad de Madrid y de otras administraciones. Hemos 
difundido nuestros métodos y materiales docentes, así como los resultado 
de nuestras evaluaciones, en distintos foros. 
Metodología empleada en el proyecto 
 
ELABORACIÓN DE VIDEOJUEGOS 
 
El equipo elabora los guiones y sus correspondientes diagramas de flujo (v. PIMCD 
2014/161 y anteriores), luego lleva a cabo: i) la captura, ii) la edición y tratamiento de 
imágenes, y iii) la incorporación a documento multimedia. A partir de las imágenes se 
elabora el juego educativo. Con personal de quirófano del Hospital Clínico San Carlos 
(HCSC), se realizan las capturas de video e imágenes. Posteriormente se filman 
escenas para la elaboración de las sucesivas versiones de los videojuegos y éstas son 
editadas.  
 
VALIDACIÓN DEL VIDEOJUEGO POR EXPERTOS 
 
Cuando se dispone de una versión razonable, se somete a la consideración de 
expertos (fundamentalmente cirujanos, anestesiólogos y enfermeros), a quienes se 
solicita que respondan a un cuestionario (v. PIMCD 2014/161 y anteriores) para 
mejorar las sucesivas versiones. Los videojuegos se mantienen en continuo proceso 
de mejora. 
 
ESTUDIO COMPARATIVO DE VALIDACIÓN CON ALUMNOS 
 
Se llevó a cabo un estudio de validación del videojuego “Toma de contacto con el 
bloque quirúrgico” con alumnos de 2º de Enfermería y de 3º de Medicina que acudían 
por primera vez a quirófano. Los alumnos fueron distribuidos en dos grupos antes de 
su primera experiencia en quirófano. A unos (n=70), se les proporcionó el videojuego, 
mientras que los otros (control; n=62) no tuvieron acceso. Todos, al día siguiente de su 
práctica en quirófano, rellenaron un mismo cuestionario (v. PIMCD 2014/161 y 
anteriores). 
 
Los datos obtenidos, fueron agrupados para evaluar cuatro percepciones distintas por 
los alumnos: i) miedo a cometer errores, ii) conocimiento sobre “cómo actuar”, iii) 
errores cometidos y iv) actitud/comportamiento hacia los pacientes. Los resultados 
demostraron que la exposición a nuestro videojuego, antes de la primera visita a 
quirófano, tuvo un efecto significativamente positivo en las cuatro dimensiones 
analizadas.  
 
ESTUDIO COMPARATIVO DE VALIDACIÓN CON PROFESIONALES SANITARIOS 
 
Tras un estudio piloto con el videojuego “Listado de Verificación Quirúrgica” con 
profesionales sanitarios (enfermeros, anestesiólogos y cirujanos) del HCSC, se llevó a 
cabo la validación a gran escala en distintos hospitales. En sesiones de 90 minutos, 
tras rellenar un cuestionario (v. PIMCD 2014/161 y anteriores), los profesionales de los 
distintos estamentos utilizaron libremente el videojuego durante aproximadamente 45 
minutos. Finalmente, rellenaron otro cuestionario (v. PIMCD 2014/161 y anteriores).
Recursos humanos  
 
MIEMBROS DEL GRUPO 
 
- Manuel Giner Nogueras, Javier Arias Díaz, Juan José Vázquez Estévez y Pedro Ruiz 
López, profesores de Medicina y cirujanos de plantilla de hospitales del Servicio 
Madrileño de Salud vinculados, planifican el diseño de los videojuegos y elaboran la 
relación de elementos que los integran. Una vez elaborada cada una de las sucesivas 
versiones, se revisa críticamente y se somete a la consideración de sus colegas y 
otros profesionales sanitarios, proponiendo las modificaciones pertinentes. Además, 
elaboran el diseño de estudios de evaluación y participan en la publicación de 
resultados. 
- Baltasar Fernández Manjón y colaboradores, profesor de la Facultad de Informática 
de la UCM, y creador de la plataforma e-Adventure de videojuegos educativos, 
verifican el diseño propuesto por los cirujanos y elaboran las sucesivas versiones del 
mismo; primero con recursos gráficos (animación) y posteriormente con imágenes 
reales (fotografía y vídeo). Además, participan en el diseño de los estudios de 
evaluación y en la publicación de resultados. 
- Antonio Blesa Malpica y Fernando del Rio Gallegos son médicos intensivistas 
ejerciendo activamente su especialidad en el Hospital Clínico San Carlos y profesores 
con dedicación a tiempo parcial en la UCM. María Caniuca, es alumna de la Facultad 
de Filología de nuestra universidad. Todos ellos se han incorporado más 
recientemente al equipo de trabajo, colaborando en las tareas anteriores. 
 
 
OTRAS PERSONAS DISTINTAS DE LOS MIEMBROS DEL GRUPO 
 
- Evaluadores expertos: 66 
- Alumnos de 2º curso de Enfermería y de 3er curso de Medicina de la UCM: 132 
- Profesionales sanitarios (enfermeros, anestesiólogos y cirujanos) del HCSC: 100 
- Personal de quirófano del HCSC que colaboraron en la toma de recursos gráficos. 
- Varias personas que nos ayudaron en la edición, y traducción de textos en distintos 
momentos. 
Desarrollo de las actividades 
 
Se llevaron a cabo varias reuniones de los miembros participantes en el Proyecto. 
Posteriormente, se llevo a cabo la elaboración detallada del Proyecto (texto, 
elementos, esquema, captura y edición de imágenes) dando lugar a las sucesivas 
versiones de los juegos. Actualmente seguimos trabajando en la elaboración y edición 
de sucesivas versiones del videojuego. Los estudios de evaluación se desarrollaron 
como se describe en el apartado “metodología”. 
 
Se llevaron a cabo los sucesivos estudios de validación de la forma descrita en el 
apartado “metodología empleada”. Los resultados de los distintos estudios han sido 
propuestos para su publicación de la forma indicada en “objetivos alcanzados”. 
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Abstract: First experiences in the operating room (OR) with patients are always stressful and 
intimidating for students. We hypothesized that a game-like simulation could efficiently 
improve perceptions and performance of novices. 
METHODS AND FINDINGS 
A videogame was developed, combining pictures and short videos, by which students 
are interactively instructed in how to act in the OR. Moreover, the game includes 
detailed descriptive information. After playing, students are given feedback on their 
performance. 
A randomized controlled trial was conducted with 132 medical and nursing students 
with no previous experience in the OR. 62 (47.0%) were allocated to a control group 
(CG) and 70 (53.0%) to a study group (SG). Subjects in SG played the game on the 
day prior to their first experience in the OR; CG had no access to the application. On 
the day after their OR experience, all students filled in a questionnaire in a 7-point 
Likert format collecting subjective data about their experience in the OR. 
Four constructs related to students' feelings, emotions and attitudes were measured 
through self-reported subjective scales, i.e. C1: fear to make mistakes, C2: perceived 
knowledge on how to behave, C3: perceived errors committed, and C4: 
attitude/behavior towards patients and staff. The main research question was 
formulated as follows: do students show differences in constructs C1-C4 by exposure 
to the game? 
SG reported statistically significant higher scores on the four aspects measured than 
CG (p<0.05; Mann-Whitney U tests; Cohen's d standardized effect size d1=0.30; 
d2=1.05; d3=0.39; d4=0.49). 
CONCLUSIONS 
Results show clear evidence that the exposure to the game-like simulation had a 
significant positive effect on all the constructs. After their first visit to the OR, students 
in SG showed less fear (C1) and also perceived to have committed fewer errors (C3), 
while they showed higher perceived knowledge (C2) and a more collaborative attitude 
(C4). 
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ABSTRACT 
First experiences in the operating room (OR) with patients are always stressful and 
intimidating for students. We hypothesized that a game-like simulation could 
efficiently improve perceptions and performance of novices. 
Methods and findings 
A videogame was developed, combining pictures and short videos, by which students 
are interactively instructed in how to act in the OR. Moreover, the game includes 
detailed descriptive information. After playing, students are given feedback on their 
performance. 
A randomized controlled trial was conducted with 132 medical and nursing students 
with no previous experience in the OR. 62 (47.0%) were allocated to a control group 
(CG) and 70 (53.0%) to a study group (SG). Subjects in SG played the game on the day 
prior to their first experience in the OR; CG had no access to the application. On the 
day after their OR experience, all students filled in a questionnaire in a 7-point Likert 
format collecting subjective data about their experience in the OR. 
Four constructs related to students' feelings, emotions and attitudes were measured 
through self-reported subjective scales, i.e. C1: fear to make mistakes, C2: perceived 
knowledge on how to behave, C3: perceived errors committed, and C4: 
attitude/behavior towards patients and staff. The main research question was 
formulated as follows: do students show differences in constructs C1-C4 by exposure 
to the game? 
SG reported statistically significant higher scores on the four aspects measured than 
CG (p<0.05; Mann-Whitney U tests; Cohen's d standardized effect size d1=0.30; 
d2=1.05; d3=0.39; d4=0.49). 
Conclusions 
Results show clear evidence that the exposure to the game-like simulation had a 
significant positive effect on all the constructs. After their first visit to the OR, students 
in SG showed less fear (C1) and also perceived to have committed fewer errors (C3), 
while they showed higher perceived knowledge (C2) and a more collaborative attitude 
(C4). 
INTRODUCTION 
First experiences of nursing and medical students in the operating room (OR) with real 
patients are always stressful and intimidating. Novices, without a defined role, feel the 
high-pressure of such a dynamic environment with many health professionals working 
at once and, conscious that they may compromise patients safety, tend to remain 
passive to avoid making mistakes. As a result, novices feel they are unproductive with 
a possible negative impact on their future career decisions. 
While in the OR, students have to learn through three domains (1), i.e. i) managing the 
demands of the working environment, ii) the educational tasks, and iii) the learning 
and social relations of the OR. Students able to successfully manage these will have an 
enhanced experience. 
Novice’s knowledge, skills and attitudes may be improved implementing an OR 
induction curriculum, as shown by Patel et al. (2), who compared the results of 
implementing a didactic lecture, an online Second Life operating room, or a simulated 
operating suite. This study was the first to address primary exposure of novices to the 
OR. Novices’ knowledge, skills and attitudes were assessed using a behavioural 
observation scale and a self-report scale, as well as a multiple-choice questions test. 
The introduction of an OR induction curriculum demonstrated a significant 
improvement in novices’ performance, regardless of the methodology used. The use of 
a simulated operating suite has been demonstrated to be the most expensive of these 
training interventions. The use of a didactic lecture displayed promising results. 
However, it would be necessary to repeat the lecture several times to different groups 
of students being exposed to the OR at varying times. The less expensive alternative 
was the Second Life operating room, which also demonstrated favorable results. 
Accordingly, we developed a game-like simulation (freely accessible at 
http://eadventure. 
appspot.com/redirect/operating-theater-game-es) where the real 
environment is reproduced (3). In the game, students are instructed by practicing on 
how to act in the surgical area in different situations and extensive feedback is 
provided at the end. Also, the game includes detailed descriptive information on 
structure, elements and personnel of the surgical block. 
The first game prototype was evaluated by experts using Likert scales to assess game’s 
utility, application and feedback. Comments received were used to continuously 
improve the successive versions of the videogame. Then, the game was validated with 
students. For this purpose, a prospective randomized controlled trial (RCT) was 
conducted. Half of novices played the game the day prior to their first experience in 
OR; the other half (control group), had no access to the application. All students filled 
in a questionnaire the day after their first OR experience with a series of items about 
the different aspects contemplated in the game. Our results show how the exposure to 
the game-like simulation had a significant positive effect on the first experience of 
novices to the OR. 
METHODS, MATERIALS, PARTICIPANTS AND SETTINGS 
Objectives and hypotheses 
The goal was to assess the potential of a self-developed game-like simulation to 
enhance the experience of visiting the OR for the first time. Four subjective constructs 
related to students’ feelings, emotions and attitudes were measured through students 
self-reported data. These constructs serve as quality indicators of the first OR visit 
experience: 
• C1: Fear to interfere in clinical activity through incorrect interaction with 
patients, equipment, environment or staff. 
• C2: Perceived knowledge on how they have to behave in the clinical area and 
how to interact with patients, equipment, environment and staff. 
• C3: Perceived errors committed while in the clinical area. 
• C4: Attitude/behavior towards patients and staff while in the clinical area. 
A separate analysis for each of the constructs was proposed in the aim of answering 
the main research question: do students show any significant difference in the 
constructs C1-C4 caused by the exposure to the game-like simulation developed 
before attending their first visit to the operating theater? 
The hypotheses formulated are that the game would decrease negative constructs C1 
and C3 (perceived fear to interfere in clinical activity and perceived errors committed) 
and increase positive constructs C2 and C4 (perceived knowledge and attitude). 
Participants 
One hundred and thirty two students were recruited and successfully completed the 
study. Sixty two (47.0%) were allocated to a control group (CG) and 70 (53.0%) to a 
study group (SG). Ninety six (72.7%) were females and 36 (27.3) were males. They 
were recruited from 2nd and 3rd year at the Nursing and Medical Schools respectively of 
the Complutense University of Madrid, with no previous experience in the OR. 
Pearson’s χ2 test showed there were no statistically significant differences between CG 
and SG in gender or institution of origin. 
Method and Settings 
The study was performed completely online. Students provided researchers the 
scheduled date for their first experience in the OR. Researchers sent detailed 
instructions to SG students on how to access and play the game to ensure they played 
the day before their first experience in the OR. The day after the first visit researchers 
administered all students (SG and CG) the questionnaire used to measure the four 
constructs of the study. 
Materials and instruments 
A videogame was developed using pictures and short videos (4). In the game, players 
adopt the role of a student who visits the OR for the first time. Students learn through 
a first-person experience (the videogame shows what the player is seeing; Figure 1) 
how to act in the surgical block in situations such as: getting correctly equipped, 
interacting with patients and relatives, entering and leaving the OR, maintaining 
sterility, leaving the theatre if they feel sick, assisting in small tasks (e.g. tying the 
surgeon’s gown, positioning the lamp, handing materials, etc.). Moreover, the game 
includes detailed information about i) structure and dependences of the surgical block; 
ii) common OR elements; and iii) scrubbed and non scrubbed surgical personnel. After 
completing the game, students receive feedback about their performance, being 
acquainted of any errors committed. 
Data collection and statistical analysis 
To measure the defined subjective constructs, a questionnaire was designed and 
administered to the students the day after their first practice at the operating theater 
(see Appendix 1 and 2). The questionnaire had 15 items in a 7-point Likert format 
meaning 1 complete disagreement and 7 complete agreement with the given 
statement. 
Items were summed to build a different scale for each subject construct. Table 1 
describes the four resulting scales. One of the 15 items was discarded during analysis 
for ambiguous wording. Reliability of each scale was assessed through Cronbach’s 
alpha tests also reported in Table 1. Items were formulated using positive wording if 
they were oriented to measure positive constructs C2 or C4 (e.g. “My attitude has 
been active and collaborative while in the operating theater”) and negative wording if 
oriented to measure negative constructs C1 or C3 (e.g. “I haven’t made any mistakes 
when I came into the operating theater”), resulting in the four scales having a positive 
orientation (i.e. the higher the values the better). 
Data collected were analyzed using statistical software package IBM SPSS 19. Missing 
values were excluded from the analysis, resulting in lower valid N than the number of 
participants. 
Ethical approval 
Students’ participation was entirely voluntary and was performed with the informed 
consent of the participants. Students were orally informed about the nature of the 
study in which a new instructional method was investigated to the benefit of the 
students prior to its routine deployment. The intervention of the study (game playing 
and filling in a questionnaire) was not part of any examination, so that a participation 
or non-participation would have no consequences on their grades. 
The ethics committee at our Medical School reviewed the project and concluded that a 
full formal ethics committee statement was not required, due to the educational 
nature of the study. Data analysis was anonymous. With the participation in the study, 
the students' agreed on the anonymously analysis of their data. Students who would 
not like to participate could chose to deny participation without further consequences. 
Anonymous participation is document of the oral agreement of the students. This type 
of orally agreement employed in our study was discussed with the ethics committee 
which agreed on it. Due to practical reasons, a formal written consent prior to the 
study was not feasible. 
RESULTS 
As Table 1 and Figure 2 show, students in SG reported higher mean and median scores 
on the four aspects measured as compared to students in CG. Standard deviation (SD) 
is also lower in SG, suggesting lower dispersion of the data. As assessed by a 
Kolmogorov-Smirnov test of normality, none of the scales could be considered close to 
the normal distribution (p<0.05, see Table 1), impeding the use of parametric tests to 
determine statistical significance of the mean differences observed between groups. 
Mann-Whitney U tests for independent samples were run instead, showing that 
median differences between groups were statistically significant (p<0.05) for scales S2- 
S4, but not for S1 (p=0.123>0.05). 
Twenty lower outliers (extreme values at least 1.5 times the SD below the mean of the 
intervention group) were found through inspection of boxplots for S1-S4 (see Figure 2). 
No upper outliers were found. Most of the outliers are concentrated in SG (N=16). 
While most of these are only outliers for one of the scales (N=13), others are in two 
scales (N=4), three scales (N=2) and even the four of them (N=1). Inspection of outliers 
showed they were not caused by errors in data entry or to unusual demographics, 
compared to the study sample, suggesting that the game was not effective for a 
particular group of students whose characteristics remain unknown. In contrast, the 
game was very effective for the majority of the students. 
The presence of outliers mostly concentrated in SG motivated a second analysis for S1 
removing the 10 outliers previously identified. Mean and standard differences 
between SG (20.61±3.83) and CG (18.09±5.39) increased and a Kolmogorov-Smirnov 
test showed more proximity to the normal distribution for both groups (Z=1.153, 
p=0.140; CG: Z=0.979, p=0.293; SG: Z=0.600, p=0.865). These results allowed running 
an unpaired (independent samples) t-test showing a significant difference between 
groups (t=2.732; p=0.007<0.05). A second Mann-Whitney U-test also showed median 
significant differences (U=1,690.500; z=2.211; p=0.027<0.05) when outliers were not 
considered. 
Looking at the individual items of each scale, scores in SG are also higher than in CG 
and with lower dispersion (Table 2). 
High scores of perceived usability (N valid=68; Mean=11.94±2.59 out of 14; Median=13 
out of 14) and perceived usefulness (N valid=67; Mean=52.37±7.62 out of 63; 
Median=54 out of 63) of the game reported in Figure 3 also suggest that the game was 
well received by students who had the opportunity to use it (SG). 
DISCUSSION 
Results show clear evidence that the exposure to the game-like simulation had a 
significant effect on all the constructs C1-C4 proposed for analysis. After their first visit 
to the OR, students in SG showed less fear to make mistakes (C1) that could interfere 
in the normal development of clinical activity and also perceived to have committed 
less errors (C3), while they showed higher perceived knowledge on how they had to 
behave and what they could and could not do while in the surgical block (C2) and 
showed a more collaborative attitude with patients and staff (C4). 
The high number of lower outliers identified (22.8% of the cases in SG) deserves its 
own piece of discussion. This is especially notorious on C1 (perceived fear to interfere 
in clinical activity), where the differences observed between CG and SG were not 
statistically significant if outliers were included in the analysis. It suggests that the 
game was not so effective for a number of students and, although a minority, further 
analysis should be conducted to get a better understanding of under what 
circumstances the effectiveness of the game is lessened. 
The results also clearly show that the game had not the same effect for all the 
constructs. To compare effect sizes, we calculated Cohen's d, an adimensional statistic 
that divides the difference between group means by the pooled standard deviation, 
resulting in d1=0.30; d2=1.05; d3=0.39; d4=0.49. Constructs C1, C3 and C4 show 
consistent “medium” effect sizes as defined by Cohen (4), while C2 (perceived 
knowledge on how to behave in the surgical block) has a large effect size. This finding 
can also be observed in Figure 2, where the distribution of S2 is significantly leftskewed 
(higher values predominate) compared to EG and also to other scales. 
As in Patel’s experience, our videogame showed to be an effective OR induction 
curriculum to prevent stress and intimidation of novices. There are advantages to the 
implementation of a simulation or Second Life operating room. Primarily, it is 
accessible from users’ desktops and would not require users or educators to be 
physically present for the training, and it also may be accessed at any time, so training 
would be repeatable. 
Learning preferences have been strongly shaped by new media technologies. A 
crosssectional 
survey was conducted in two American universities to elucidate medical 
student experiences and attitudes about using new media technologies in medical 
education (5). Students, including many who do not play video games, held highly 
favorable views about the use of video games and related technology in medical 
education. The sparse but encouraging data on learning outcomes for video games in 
science, technology, engineering, and math disciplines, as well as the infrastructural 
obstacles to wider adoption of this new medium, was early reviewed (6). 
Virtual worlds like Second Life and digital games and simulations in medical education 
have been explored in the past, partly motivated by students’ interest in these 
technologies with mixed results (5, 7-8). Game-like simulations have been used in 
previous medical education research to allow students and trainees rehearse 
procedures that are tightly linked to a specific environment in a realistic but safe way, 
showing improved performance when conducting the procedure in the work place (9). 
In addition, Cook. et al, showed through a systematic literature review that 
technology-enhanced simulation in health professions education is consistently 
associated with large effects for outcomes of knowledge, skills, and behaviors and 
moderate effects for patient-related outcomes (10). 
While systematic use of videogames has shown to decrease the time needed to 
acquire surgical skills (11-12), the effect of educational games on medical students’ 
satisfaction, knowledge, skills, attitude, and behavior has been questioned. This issue 
was studied in a systematic review (13). Findings in the only three eligible RCT 
suggested but did not confirm a positive effect of the games on medical students’ 
knowledge. More recently, other review conducted by the same group to assess the 
effect of educational games on health professionals’ performance, knowledge, skills, 
attitude and satisfaction, as well as on patients’ outcomes, neither confirm nor refute 
the utility of games as a teaching strategy for health professionals (14). In another 
review of serious games for medical education and surgical skills training, none of the 
games had completed a full validation process for the purpose of use (15). All these 
data highlight the need for game designers and educators to cooperate in designing 
and validating serious games for specific educational problems. Only then, a serious 
game should be integrated as a teaching tool (16-17). 
Our game is consistent with the three domains, identified by Lyon (1), through which 
students must learn while in the OR. Also, students receive feedback about their 
performance. These design features are consistent with simulation best practices 
identified by McGaghie et al, (18). After our experience, we believe in the effectiveness 
of educational games in medical education for particular purposes, as assessed in 
terms of students’ satisfaction, knowledge, skills, attitude, and behavior (14). 
ACKNOWLEDGEMENTS 
The authors express their gratitude to Mr. Hector Montoya for his help in art resources 
development, to experts that gave their opinions and helped to improve the 
videogame, to the personnel at the surgical blocks of Hospital “Clínico San Carlos” of 
Madrid (Spain), where the game’s imaging resources were obtained, and to students 
that voluntarily participated in our RCT. 
REFERENCES 
1. Lyon PMA. Making the most of learning in the operating theatre: student strategies 
and curricular initiatives. Med Educ [Internet]. 2003 Aug [cited 2014 May 
15];37(8):680–8. Available from: http://doi.wiley.com/10.1046/j.1365- 
2923.2003.01583.x 
2. Patel V, Aggarwal R, Osinibi E, Taylor D, Arora S, Darzi A. Operating room 
introduction for the novice. Am J Surg [Internet]. Elsevier Inc.; 2012 Mar [cited 2014 
Jan 29];203(2):266–75. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21703594 
3. Del Blanco Á, Fernández-Manjón B, Ruiz P, Giner M. Using videogames facilitates the 
first visit to the operating theatre. Med Educ. 2013;47(5):519–20. 
4. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Lawrence 
Earlbaum Associates, editor. Hillsdale, NJ; 1988. 
5. Kron FW, Gjerde CL, Sen A, Fetters MD. Medical student attitudes toward video 
games and related new media technologies in medical education. BMC Med Educ 
[Internet]. 2010 Jan;10:50. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2908629&tool=pmcentre 
z&rendertype=abstract 
6. Mayo MJ. Video Games: A Route to Large-Scale STEM Education? Science (80- ) 
[Internet]. 2009 Jan 2;323(5910):79–82. Available from: 
http://www.sciencemag.org/content/323/5910/79.abstract 
7. Boeker M, Andel P, Vach W, Frankenschmidt A. Game-Based E-Learning Is More 
Effective than a Conventional Instructional Method: A Randomized Controlled Trial 
with Third-Year Medical Students. Szolnoki A, editor. PLoS One [Internet]. 2013 Dec 5 
[cited 2013 Dec 13];8(12):e82328. Available from: 
http://dx.plos.org/10.1371/journal.pone.0082328 
8. Watson K, Wright A, Morris N, McMeeken J, Rivett D, Blackstock F, et al. Can 
simulation replace part of clinical time? Two parallel randomised controlled trials. Med 
Educ [Internet]. 2012 Jul [cited 2014 May 15];46(7):657–67. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22646319 
9. Moreno-Ger P, Torrente J, Bustamante J, Fernández-Galaz C, Fernández-Manjón B, 
Comas-Rengifo MD. Application of a low-cost web-based simulation to improve 
students’ practical skills in medical education. Int J Med Inform [Internet]. 2010 
Jun;79(6):459–67. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20347383 
10. Cook DA, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, et al. Technology- 
Enhanced Simulation for Health Professions Education: A Systematic Review and 
Metaanalysis. 
J Am Med Assoc. 2011;306(9):978–88. 
11. Shane MD, Pettitt BJ, Morgenthal CB, Smith CD. Should surgical novices trade their 
retractors for joysticks? Videogame experience decreases the time needed to acquire 
surgical skills. Surg Endosc [Internet]. 2008 May [cited 2014 May 15];22(5):1294–7. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/17972136 
12. Schlickum MK, Hedman L, Enochsson L, Kjellin A, Felländer-Tsai L. Systematic video 
game training in surgical novices improves performance in virtual reality endoscopic 
surgical simulators: a prospective randomized study. World J Surg [Internet]. 2009 Nov 
[cited 2014 Apr 30];33(11):2360–7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/19649553 
13. Akl E a, Pretorius RW, Sackett K, Erdley WS, Bhoopathi PS, Alfarah Z, et al. The 
effect of educational games on medical students’ learning outcomes: a systematic 
review: BEME Guide No 14. Med Teach [Internet]. 2010 Jan [cited 2014 Jan 
22];32(1):16–27. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20095770 
14. Akl EA, Kairouz VF, Sackett KM, Erdley WS, Mustafa RA, Fiander M, et al. 
Educational games for health professionals. Cochrane database Syst Rev [Internet]. 
2013 Jan [cited 2014 Jan 22];3(3):CD006411. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23543543 
15. Graafland M, Schraagen JM, Schijven MP. Systematic review of serious games for 
medical education and surgical skills training. Br J Surg [Internet]. 2012 Oct [cited 2014 
Jan 29];99(10):1322–30. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22961509 
16. Gallagher AG, Ritter EM, Satava RM. Fundamental principles of validation, and 
reliability: rigorous science for the assessment of surgical education and training. Surg 
Endosc. 2003;17(10):1525–9. 
17. Schijven MP, Jakimowicz JJ. Validation of virtual reality simulators: key to the 
successful integration of a novel teaching technology into minimal access surgery. 
Minim Invasive Ther Allied Technol. 2005;14(4):244–6. 
18. McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB. Does 
simulationbased 
medical education with deliberate practice yield better results than traditional 
clinical education? A meta-analytic comparative review of the evidence. Acad Med. 
2011 Jun;86(6):706–11. 
FIGURE LEGENDS 
Figure 1. Four screenshots of the game-like simulation developed. Top left: the user 
gets dressed and receives feedback. Top right: player experiences casual interaction 
with patients. Bottom left: player interacts with personnel in the OR. Bottom right: 
player exercises decision-making on a situation that arises. 
Figure 2. Boxplot for S1, S2, S3 and S4 (left to right, up to down). For each group the 
box shows the Inter Quartile Range (50% of the distribution) and the median 
(horizontal line inside). Whiskers show the min and max value observed on a scale 
from 4 to 28 or 3 to 21 depending on the scale. The figure shows how EG scored higher 
than CG in all four constructs. It shows also that the improvement for S2 is higher than 
for the other three constructs. 
Figure 3. Boxplots for the perceived usability and usefulness of the game reported by 
students in EG, showing high student acceptance of the game. 
TABLE 1 
Summary of scales used to estimate the four constructs considered in the study 






S1 Fear to make mistakes 4 0.844 [4-28] Negative 
(Higher values show less 
perceived fear) 
S2 Perceived knowledge 3 0.828 [3-21] Positive 
(Higher values show more 
perceived knowledge) 
S3 Perceived errors 
committed 
4 0.776 [4-28] Negative 
(Higher values show less 
subjective error rate) 
S4 Adequate attitude 3 0.709 [3-21] Positive 
(Higher values show better 
attitude) 
TABLE 2 
Summary of results obtained for scales S1-S4. (*) Highlights S1, where median differences between 
groups were 
not statistically significant. Independent-samples t-test run without outliers showed statistical 
significance. 
CG EG CG EG CG EG CG EG CG EG CG EG U z p 
S1 17.43±5.96 19.14±5.39 19 20 5 6 28 28 56 58 p=0.005 p=0.013 1,895.500 1.543 0.123* 
S2 15.93±4.32 19.56±2.43 17 20 4 10 21 21 59 61 p=0.010 p<0.000 2,807.500 5.403 <0.000 
S3 23.54±4.41 25.19±4.13 25 26 11 8 28 28 54 57 p<0.000 p<0.000 1,938.500 2.386 0.017 
S4 15.72±4.22 17.60±3.44 16.50 18 8 5 21 21 54 57 p=0.055 p=0.001 1,937.000 2.364 0.018 
Normality (K-S) Mann-Whitney U test 
Scale 
Mean ± SD Median Min Max N valid 
TABLE 3 
Individual results for each of the items of the scales 
N Min Max Mean SD 
I1.1 
CG 61 1 7 3.7 1.764 
EG 68 1 7 4.47 1.706 
I1.2 
CG 57 1 7 4.89 1.77 
EG 61 1 7 5.03 1.549 
I1.3 
CG 60 1 7 4.48 1.742 
EG 66 1 7 5.12 1.732 
I1.4 
CG 62 1 7 4.1 1.956 
EG 64 1 7 4.5 1.604 
I2.1 
CG 62 1 7 5.23 1.634 
EG 69 4 7 6.68 0.696 
I2.2 
CG 59 1 7 5.29 1.733 
EG 64 2 7 6.59 1.05 
I2.3 
CG 62 1 7 5.42 1.742 
EG 68 2 7 6.32 1.071 
I3.1 
CG 62 1 7 5.45 1.715 
EG 68 1 7 6.38 1.234 
I3.2 
CG 54 2 7 6.24 1.345 
EG 61 1 7 6.39 1.037 
I3.3 
CG 60 2 7 5.83 1.368* 
EG 66 1 7 6.23 1.507* 
I3.4 
CG 61 1 7 6.03 1.494 
EG 67 1 7 6.31 1.104 
I4.1 
CG 60 1 7 5.67 1.763 
EG 66 1 7 5.89 1.337 
I4.2 
CG 55 1 7 5.07 1.741 
EG 60 1 7 5.65 1.56 
I4.3 
CG 60 1 7 4.92 1.907 
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